Objectives. Soft tissue wounds with exposed bone often require extended healing times 19 and can be associated with severe complications. We describe the ability of artificial 20 dermis with autogenic adipose-derived stem cells (ADSCs) to promote the healing of 21 wounds with exposed bone in a rat model.
. Schematic representation of the experimental procedure for transplanting 93 autogenic ADSCs with an artificial dermis into a rat wound model with exposed 94 bone. Scale bar: 1 mm.
96
Artificial dermis 97 We used the commercially available artificial dermis Integra (Life Sciences Corp., 98 Plainsboro, NJ, USA) for this experiment. Integra is widely used in the clinical 99 treatment of deep partial-thickness and full-thickness burn wounds [7, 8] . In addition, in 100 clinical settings, Integra has been successfully used to promote healing of wounds with 101 exposed bone [1, 2] . control group was placed in a separate tissue culture dish with the same culture medium 133 but without ADSCs. All dishes were incubated at 37°C with 5% CO 2 . After 24 hours, 134 just prior to transplanting, the debris was removed by washing with PBS, and fresh 135 medium was added. Histological analysis of paraffin-embedded tissues 147 At the established endpoints (3, 7, 14, and 21 days after surgery), the wounds were 148 harvested with approximately 5-mm margins and the cranial bone attached (n = 5 at 149 each time point the wound area of the specimen. Global wound area 244 Digital photographs were obtained immediately following surgery and at 3, 7, 14, and 245 21 days after surgery (Fig. 2a ). The average global wound area was significantly smaller 246 in the ADSC group than in the control group on days 3, 7, and 14 after surgery ( Fig.   247 2b). However, there was no significant difference between the two groups at day 21 248 because the wounds in almost all the rats were completely cured at that point (Fig. 2b) . In magnified microphotographs of sagittal sections of hematoxylin and eosin-stained 257 specimens collected 3 days after surgery (Fig. 3a, b) , inflammatory cells, mainly 258 neutrophils, as well as red blood cells were observed within the collagen sponges in 259 both groups. The number of cells was higher in the ADSC group than in the control 260 group. Seven days after the surgery (Fig. 3c, d) , fibroblasts were observed in the 261 collagen sponges with slight vascularization, and the fibroblast numbers and tissues 13 262 density were higher in the ADSC group than in the control group. Fourteen days after 263 the surgery (Fig. 3e, f) , a thick and dense dermal layer was observed in both groups. At 264 21 days after the surgery (Fig. 3g, h) , most of the wounds showed epithelization both 265 macroscopically and histologically.
266
In Masson's trichrome-stained sections, especially at 7 and 14 days ( Fig. 4c-f) , 267 higher-density granulation tissue was noted for the ADSC groups. In addition, the 268 wounds of the ADSC groups showed greater tissue thickness and more homogeneous 269 granulation tissue than those of the control groups at all time points ( Fig. 4) . coronal plane (Fig. 5a~d) . The blood vessel density in the wound was increased by 1.6-286 fold in the ADSC group compared with that in the control group after 14 days, 287 representing a statistically significant difference (p < 0.01) (Fig. 5e ). that were collected from the ADSC group 21 days after surgery are shown in Fig. 6a .
300
Histologically, most wounds showed epithelization, and high-density granulation and 301 homogeneous tissue were noted under the epithelization. For identification of tissues 302 using DiI labeling, the gray scale values of the DiI-labeled section were used (Fig. 6b) .
303
In the DiI-labeled section, at 21 days after surgery, numerous DiI-positive (red) cells 304 were distributed throughout the granulation tissue ( Fig. 6c, d) . The ability of the transplanted ADSCs to promote neovascularization at the molecular 318 level was assessed based on the expression of Fgfb and Vegf using real-time RT-PCR.
319
Significantly higher expression levels of both genes were detected at all time points for 320 the ADSC group than for the control group (p < 0.05) (Fig. 7) .
321
Moreover, the expression levels of Tgfb1 and Tgfb3 were examined to determine the 322 potential biomechanical effect of ADSCs that could affect extracellular matrix 323 deposition, organization, and scarring. Significantly higher expression levels of both 324 genes were detected in the ADSC group until 14 days after surgery than in the control 325 group (Fig. 7) . This study is the first report, to our knowledge, of using autogenic ADSCs with 333 artificial dermis to heal wounds with exposed bone. The regeneration and introduction 334 of capillaries inside the wound are important to wound healing because tissue 335 regeneration commonly requires blood flow to supply oxygen and nutrition and remove 336 waste. However, wounds with exposed bone are strongly deficient in terms of blood 337 flow. In this study, we demonstrated that ADSCs increased the blood vessel density.
338
Data from many studies have indicated that ADSCs exhibit improved and more rapid 339 treatment effects in ischemic wounds such as burn wounds [14, 15] , radiation ulcers
340
[16], or diabetic wounds [10, 17] . Consistent with these previous findings, we showed 341 that the wound area decreased significantly earlier when ADSCs were applied to 342 wounds with exposed bone. The increased blood vessel density resulting from ADSCs 343 at the ischemic wound site may help promote wound healing in cases with exposed 344 bone.
345
The contributions of ADSCs to the complex wound-repair processes, which comprises 346 inflammation, granulation, and remodeling, have been documented [18, 19] . ADSCs However, numerous DiI-positive (red) cells were distributed throughout the granulation 355 tissue (Fig. 4c ). 
371
In this study, significantly higher expression levels of both Tgfb1 and Tgfb3 were 372 observed in the ADSC group than in the control group. We believe that, in wounds with 373 exposed bone, higher expression levels of both Tgfb1 and Tgfb3 are preferable for 374 covering the bone surface. Our data demonstrated that ADSCs exhibited increased 375 expression of both Tgfb1 and Tgfb3 in wounds with exposed bone and promoted both 376 scar formation and normal collagen organization for covering the bone surface.
377
The main limitation of this study is that wound-healing mechanisms are different to obtain. Our study represents the first report that an existing artificial dermis can 397 maintain autogenetic ADSCs, which can promote the vascularization capacity and 398 enhance wound healing in a wound with exposed bone.
399

